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INTRODDCTION 
Cultivation of legumes is worldwide from the ancient 
times because of their economic utility# being next to 
cereals only. In India legumes are cultivated in almost 
all the states either alone or mixed with other crops. 
Legumes contain more protein material than any other 
vegetable product and so are nearer to animal flesh in 
food value. Legumes are not only rich in proteins but also 
contain carbohydrates^ fats/minerals (specially Calcium and 
Iron) and Vitamin B. Legumes have high energy contents 
and are particularly well adapted for use in cold weather 
or where physical exertion is involved. The immature fruits 
also serve as a food. 
It would not be an overstatement if it is said that 
pulse crops have been the main-stay of Indian agriculture< 
enabling the land to turn out reasonable quantities of food 
grains/ when over the last several decades a major part of 
the area under cultivation has hardly received any manure 
or fertilizer. These crops are generally included in 
rotation in most of the areas and have helped to keep soil 
alive and productive. Some of the pulses serve as 
excellent forage and grain concentrates in the feed of the 
large cattle population of the country and some of them are 
excellent green-manure crops adding the much needed humus. 
Being leguminous crop, possessing root-nodules, they 
fix and utilize atmospheric nitrogen. They are thus not 
dependent on industrially fixed nitrogen, a process requiring 
energy, but add up to 30 kg of N/ha to the soil and improve 
its fertility. Thus pulse crops are useful in improving the 
cultivated lands by enhancing the nitrogen status of the 
soil through their nitrogen fixing bacteria, by drawing 
out plant nutrients from the deeper soil layers with the 
help of their deep root system and making them available in 
the form of plant residues by serving as suitable green 
manure crops and by providing in many cases, a protective 
ground cover against soil erosion. 
Unfortunately, like other crops the production of 
pulse crops is subject to several constraints including those 
of pests and diseases which play a leading role in the yield 
reduction. The total annual area under pulse crops in India 
is about 22-million hectares and the production is about 
11-12 million tonnes of grain. The stagnant production of 
pulses has adversely affected their availability and the per 
capita availability of pulses per day has progressively 
declined from a peak of 64 grams achieved in mid-fifties to 
less than 40 grams at present as against the FAO/V^ HO 
recommendation of minimum pulse requirement of 80 grams per 
capita IFazal, 1993). 
Soil is a complex ecosystem which harbours a wide 
variety of life forms v/here naturally ocurring 
microorganisms like nematodes, fungi, bacteria and viruses 
etc. interact with each other to often show a symbiotic, 
synergistic or antagonistic relationships among 
themselves, primarily because of their competition for food 
and survival. Under field condition, there is probably no 
soil borne plant disease that can be said to be of 
monopathogenic origin. In fact most of the soil borne plant 
diseases are often the result of interaction of taro or more 
pathogens of the same or different groups, causing complex 
diseases. This interaction of pathogens may be useful or 
additionally harmful to the host crop. 
One interesting and significant aspect involves 
association of nematodes with certain fungi in v;hich 
nematodes become a part of an etiological complex. Although 
both kind of organisms may be destructive pathogens when 
acting alone, their combined pathological potential may be 
far greater than the sum of their individual effects. 
Disease complexes of this sort present special problems of 
disease control. Attention must be focussed on interacting 
pathogens, that differ greatly in their behaviour rather 
than on a single kind of pathogen. 
Nematodes contribute to the disease complex by 
modifying the physiology of the host plant and occasionally 
by mechanical affects they exert on the host. Several 
such associations involving fungi, bacteria and nematodes 
have been investigated. 
During the last two decades considerable attention 
has been paid to the complex diseases caused by the 
interaction of nematodes and fungi ^Powell, 1971; 
Bergeson, 1972; Hirano, 1975; Pitcher, 1978; Powell, 1979; 
Taylor, 1990; Khan, 1993;, nematode root-nodule bacteria 
(Pitcher, 1978; Norton, 1978; Dropkin, 1980; Khan et. 
al. , 1992;. Although the involvement of disease complex 
situation is quite frequent and widespread and the 
literature is quite extensive, but in the present 
Study, the discussion will be limited to the 
interaccxons involving plant nematodes, fungi and 
root-nodule bacteria. 
REVIEW OF LITERATURE 
Plants are always exposed to a number of pathogenic 
organisms occuring in their surroundings both in the soil as 
well as in the atmosphere. Thus plants, their pathogenic 
organisms and the surrounding environment form a triangle 
which naturally can involve various types of associations or 
interactions. 
The nematodes, among microorganisms, form a 
significant component (12% of soil microflora and fauna; of 
soil ecosystem. Although plant parasitic nematodes are 
themselves capable of causing plant diseases but sometimes 
they act as precursors or vectors of certain diseases. In 
certain cases nematodes play an essential role and there, 
the development of disease is possible only in the presence 
of nematodes. 
Plant nematodes are supposed to interact with 
viruses, bacteria (including root-nodule bacteria), fungi, 
mycorrhiza and nematodes. Nematodes reduce nitrogen fixing 
capability of bacteria and the protection capacity of 
mycorrhiza. Thus nematodes play different roles in their 
interactions with other disease causing organisms. 
Many species of plant parasitic nematodes predispose 
the plants to fungal and bacterial infections and thus the 
plant may suffer greater damage from concomitant 
infection. The increase in severity of disease is usually 
synergistic i.e. the total damage inflicted by pathogens is 
often more than the sum of their individual effect. 
Neimatode-Funqus Interaction; 
Three types of root diseases are caused by nematode-
fungus interaction (Powell, 1971). 
1. Wilt diseases 
2. Root Rots 
3. Seedling diseases 
1.1 Nematode-Wilt Fungus Interaction; 
The main interactions discussed are those involving 
Fusarium spp. and Meloidogyne spp. or Verticillium spp. and 
Pratylenchus spp. or Globodera spp. Interactions between 
F. oxysporum and plant parasitic nematodes that have been 
reported to increase the intensity of Fusarium wilt are 
listed together with synergistic and additive responses 
betv/een Verticillium spp. and plant parasitic nematodes 
(Francl and Wheeler, 1993). 
1.1.1. Fusarium-Nematode Complexes: 
Atkinson in 1892 was the first to report a namatode-
fungal interaction causing a disease complex. He found that 
the infection of root-knot nematode, Meloidogyne spp. in-
creased the severity of Fusarium wilt in cotton, thus 
laying the historical ground work for disease complex 
problems. Thomson (1958) noticed that presence of 
Meloidogyne javanica (Treub) Chitwood not only broke the 
resistance of cowpea var. 'Grant' to Fusarium oxysporum f. 
tracheiphilum Armst. et Armst,but also increased the wilt 
more than in susceptible variety Chino-3. Davis and 
Jenkins (1963) reported that the wilt resistant Pea 
variety 'Alaska' to F. oxysporum f. pisi race-1 (Linford) 
snyder and Hansen, became susceptible in presence of 
Meloidogyne incognita (Kofoid and White) Chitwood and M. 
hapla (Chitwood). Ross (1965) observed that certain 
varieties of soybean inoculated with Fusarium and 
Heterodera glycines Inchinohe wilt to a greater extent 
than those predisposed by M. incognita. 
Oyekan and Mitchell (1971) studied the effect of 
Pratylenchus penetrans (Cobb) Chitwood and Oteifa on the 
resistance of Pea var. Wisconsin Perfection to wild disease 
caused by F_^  oxysporum f. pisi race-1 in controlled growth 
chamber experiment. Plants growing in soil inoculated with 
both pathogens started wilting 3 days after inoculation. 
P. penetrans alone caused considerable reduction in plant 
height. When the roots of plants were damaged with sterile 
needle before inoculation with F. oxysporum Schlecht, their 
normal resistance to wilt was impaired. This is believed 
to be the first report of breakdown of plant resistance to 
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wilt by the root lesion nematodes. Seinhorst and Kuniyasu 
11971} reported that wilting of peas var. 'Rondo', caused by 
Fusarium oxysporum f.pisi race-2 was enhanced by Pratylenchus 
penetrans attack at an initial density of about 500 or more 
nematodes per gm soil. Some wilting occured in the absence 
of the nematode but none at any nematode density in the 
absence of the fungus. P.penetrans alone possibly reduced 
stem and seed weight at initial densities exceeding 20,000 
nematodes per 500 gm soil. P.penetrans+Fusarium did not 
reduce stem weight but at 500 and more nematodes per 500 gm 
soil, seed weight was reduced below that, which occured at 
smaller initial nematode' densities. Seed weight in pots 
with P.penetrans+Fusarium at 0-500 nematodes/500 gm soil was 
about 80% of that at the same nematode densities in pots 
without Fusarium. The presence of the fungus probably 
reduced the rate of multiplication of P. penetrans at all 
initial densities. Rates of multiplication indicate that the 
attack by nematodes reduced the quality of food available to 
them by damaging the roots. At low initial densities the 
rate of multiplication of the nematode was reduced because 
of under population. 
Hutton et._al,^  (1973) reported that percentage of dry 
root-rot in kidney bean was greater when plants were 
inoculated with P.penetrans or mixture of Meloidogyne spp. 
(including M.arenaria(Neal) Chitwood and M.^avanica) 
than among nematode free plants- At high levels of fungal 
inoculum all plants whether nematode free or nematode 
infected became infected by the wilt fungus, Fusarium 
solani f. phaseoli. Menzes and Balmer (1974) also reported 
that pea, bean, soybean and tomato plants became 
susceptible to F. oxysporum f. vasinfectum when grown in 
soil infested with root-knot nematode. 
Minton £t. al-, (1975) observed that when 15 soybean 
cultivars were evaluated under natural condition in a site 
infected with Meloidogyne arenaria and Sclerotium rolfsii 
Sacc, a +ve correlation was found between the percentage of 
plants affected by S_. rolf sii and the amount of root-knot 
caused by M. arenaria. Injury by the nematode appeared to 
predispose the plant to S_. rolf sii attack. 
Goswami and Agarwal (1978) conducted pot experiments 
to determine the relationship between M. incognita and 
F. oxysporum, £. solani (Martius) Sacc, F. graminearum and 
F. equiseti on soybean seedlings. The results showed an 
antagonistic interaction of F. oxysporum and F. solani 
with M. incognita. The fungus when established first 
suppressed nematode multiplication while the nematode when 
established first reduced the symptoms due to fungus. The 
interaction of F. graminearum and F. equiseti with M. 
incognita was synergistic and nematode infected plants 
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being more seriously damaged by the fungus than non 
infected plants. Edward and Singh (1979) reported that 
when Pigeon pea variety type 21 was inoculated with 
Heterodera cajani Koshy (50 cysts/pot) and Fusarium udum, 
caused more damage than when inoculated with either F. udum 
or Heterodera cajani alone. Transverse sections of the 
roots inoculated with the nematode and fungus showed that 
only old syncytial or non syncytial regions were invaded by 
the fungus. 
Padilla et. a_l. , (1980) reported that the 
concomitant inoculation of nematodes, Meloidogyne spp. 
(M. incognita + M. hapla and Fusarium oxysporum f. pisi) at 
planting caused death of pea plants (cv. Little Marvel) 
under green house conditions. The inoculation of 
Meloidogyne species at planting caused a severe stunting of 
the plants, whereas F. oxysporum alone at planting or 3 
weeks later caused no detrimental effects, Rushdi et_. al. , 
(1980) studied the histological changes caused by 
Meloidogyne javanica and Fusarium species in the roots of 
faba bean and cowpea. Both pathogens caused much damage to 
plant tissue. Giant cells induced by the nematode were 
also infected by the fungal hyphae and lost their 
cytoplasm. 
Szerszen (1980) studied the effect of Pratylenchus 
penetrans on the development of Fusarium wilt of peas in 
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glass house experiments using two different soil types and 
two varieties of pea differing in their susceptibility to 
Fusarium. The presence of nematode increased the severity 
of wilt symptoms, especially in light soils. The 
resistance of var. Alaska Ekspres was partially broken by 
the addition of nematodes. In further experiments wilt 
disease in the susceptible var. Szlachetna 'Perla' was 
more severe following prolonged exposure to P. penetrans 
than after only a short exposure period with var. Alaska 
Ekspres. The development of disease was the same after 
both long and short exposure periods. 
Nath and Dwivedi (1981) reported that Cicer 
arietinum plants exhibited wilt symptoms earlier, upon the 
combined inoculation of M. javanica and F. oxysporum f. 
ciceri or Meloidogyne and Rhizoctonia than with fungus 
alone. Inoculation of soil with F_. oxysporum f. ciceri + 
R. solani have shown low wilt incidence, suggesting 
antagonism between the two fungi. Singh et_. a]^. , (1981; 
reported that simultaneous inoculations of Phaseolus 
vulgaris with M. incognita and F. oxysporum or F. solani or 
inoculation of plants with M^ incognita prior to Fusarium 
gave maximum wilt percentage; indicating that Fusarium 
wilt is increased in French bean in presence of M. 
incognita. 
Ribeiro and Feraz (1983) reported that 
susceptibility of cultivars to the fungus £. oxysporum f. 
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phaseoli was higher on the inoculation with fungus + 
nematode. Vegetative growth and conidial production by the 
fungus were greater in the media containing extracts from 
bean plants infested with M. javanica than in those with 
extracts from healthy bean plants. Hasan (.1984) reported 
that in pot experiments mixed inoculations of Fusarium 
udum with Tylenchorhynchus vulgaris, Helicotylenchus 
indicus Siddiuqi or Hoplolaimus indicus Sher, either 
simultaneously or sequentially gave no significant 
difference in wilt development of £. cajan. When Heterodera 
cajani was associated with fungus, there was significant 
increase in wilting (93.6% plants) . 
Chahal and Chhabra (1985) noticed the effect of 
M. incognita and Fusarium eguiseti on the growth and 
wilting of pea seedlings. Combined inoculation of cv. 
Bonneville by the two pathogens resulted in wilting after 
10 days as compared with 15 days when F. eguiseti was 
inoculated alone. Seedlings inoculated with the nematode 
alone wilted only temporarily at noon. Patel et. al. , 
(1985) reported that increasing the inoculum level of F. 
solani to 2 g or 4 g mycelial mat/pot increased wilting in 
ground nut (Arachis hypogea). When F. solani was 
inoculated with 1000 or 2000 larvae of M. arenaria the 
wilting was further reduced. 
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Sharma and Cerkauskas (1985) re;ported that when 3 
days old seedlings of Cicer arietinum v/ere inoculated with 
1000 M. incognita eggs/kg soil and/or 1 ml suspension of 
mycelia and conidia of F. oxysporum f. ciceri, the 
reduction in plant height was 21.18% with fungus alone, 
17.53% with nematodes alone and 19.47^ with fungus + 
nematode after 99 days of inoculation. Reduction in fresh 
root weight was 3.78%, 30.61% and 49.30% respectively. 
Combined infections caused more damage to plants. Goel and 
Gupta (1986) observed that growth of Cicer arietinum was 
reduced when both M. javanica and F. oxysporum f. ciceri 
were present together, irrespective of whether they were 
inoculated simultaneously or with a week interval. 
Patel et. al., (1986) reported the increase in the 
incidence of wilt, when chickpea seedlings var. Chaffa were 
inoculated with 1000 larvae (1„) of M. incognita and/or 50 
ml mycelial suspension (2 g mycelial mat) of Fusarium 
oxysporum f. ciceri on the day of sowing and 10 days later. 
Root-knot index was 3.0-3.1 in all treatments. Sakhu3a and 
Sethi (1986) studied the effect of F. solani and Rhizoctonia 
bataticola (Taub.) Butler on Arachis hypogea in 12 
different combinations. It was found that both fungi 
reduced galling significantly in all treatments, except 
where F. solani succeeded nematode after a week. M. 
javanica multiplication reduction was maximum where one or 
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both fungi were inoculated simultaneously with the 
nematodes. R.bataticola exhibited greater antagonistic 
activity as compared with F.solani. 
Salam and Khan 11986) reported that when seedlings of 
Cajanus ca:ian were inoculated with 2 g mycelium of F.udum and 
SOU 2nd stage juveniles of M.javanica, all cultivars proved 
susceptible in varying degree to fungus. Cultivars viz., 
Pusa-33, Pusa-85 and Pusa-78 v;ere resistant and Pusa-84 was 
tolerant to M.javanica. The nematode suppressed nodultion on 
tolerant and susceptible cultivars. Susceptibility of all 
cultivars to F.udum increased when nematode and fungus were 
present together. Highly susceptible cultivars wilted sooner 
in presence of both pathogens than when inoculated with 
F.udum alone. The two pathogens appear to act 
synergistically on C.cajan though there is no previous 
report of such interaction on this crop. 
Thakar et.aJ., (1986) reported that Cicer arietinum 
plants like ICC-12275(resistant to F.oxysporum f.ciceri) 
showed no wilt when inoculated with fungus alone, but in 
presence of M.incognita, fungus caused 50% mortality of 
plants. Mani and Sethi (1987) observed that chickpea cv. 
Jg-62 were inoculated with M.incognita and F.oxysporum 
f.ciceri and F.solani either alone or in combination. All 
the three organisms affected Rhizobial nodulation whether 
inoculated alone or in combination. The occurrence of 
M.incognita in combination with F.oxysporum f.ciceri and 
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F. solani not only increased the severity of disease but 
also shortened the incubation period for disease 
expression. 
Moussa and Hague (1987) exposed Armosy (Wilt 
susceptible) and Coll (wilt resistant) varieties of soybean 
to Fusarium oxysporum f. glycines in presence of M. 
incognita. There was a large increase in the amount of 
fungus in vascular tissues of root and stem as compared with 
the amount found in plants exposed to fungus alone. The 
fungus was isolated from leaves and seeds of wilt resistant 
cultivars only when the nematode was present. Patel et.. al. , 
(1987) reported that chickpea (C. arietinum) var. Chaffa 
plants wilted earlier when inoculated with 1000 larvae of 
M. incognita and wilt fungus. 
Sumner and Minton (1987) conducted greenhouse 
experiments and reported that Fusarium wilt of Cobb soybean 
was caused by Fusarium oxysporum f. tracheiphilum race-1. 
In experiments with three field soils, internal gray to 
black, stem discoloration in Cobb soybean was most severe in 
soils infested with F. 0. f. tracheiphilum race-1. 
Belonolaimus longicaudatus Rau and Pratylenchus brachyurus 
(Godfrey) Filipjev and Stekhoren. Wounding roots with a 
knife 18-20 days after planting did not increase wilt or 
internal stem discoloration. 
Upadhyay and Dwivedi (1987a) studied the effect of 
inoculation of M. javanica alone or in combination with 
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F. oxysporum f. ciceri on chickpea seedlings var. Arodhi. 
Plants inoculated with fungus alone showed slight wilting 
but wilting was maximum and rapid in plants where nematode 
inoculation preceeded the fungus. Upadhyay and Dwivedi 
(1987b) again conducted pot experiments with 500 freshly 
hatched larvae of M. ]avanica/500g soil and 5% iw/w) F. 
oxysporum f. ciceri inoculated alone, simultaneously or 10 
days apart at the base of test plant of chickpea (Cicer 
arietinum; cv. K-850. Wilt symptoms were highest in plants 
inoculated simultaneously with both M. javanica and F_. 
oxysporum f. ciceri followed by the nematodes preceeding 
the fungus and vice-versa. The maximum number of root-knot 
galls ^88.9) was recorded on roots inoculated with nematode 
alone as compared to minimum number (20) on roots where 
inoculation of the fungus preceeded that of the nematode. 
The maximum reduction in shoot weight occured where 
inoculation of the nematode preceeded that of the fungus. 
The highest reduction in nodules/plant were observed with 
inoculations of nematode alone. 
Killbrew e_t. a^ ,. , ^1988; reported that root-rot 
symptoms were most prevalent in presence of fungus. Five 
Fusarium solani isolates tested were pathogenic when 
inoculated on soybean and each was reisolated from 
inoculated symptomatic plants. Isolates differed in 
virulence. Disease severity was not substantially changed. 
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When F. solani and soybean cyst nematode, H. glycines were 
inoculated on soybean in combination as compared with F. 
solani or soybean cyst nematode alone, the fungus reduced 
yield under field conditions. Disease severity was greater 
with poor quality seeds inoculation with F. solani, than 
inoculation of high quality seeds. Kumar eib. al_. , il988) 
reported that inoculation of 1000 J„ of M. incognita or 
F. oxysporum f. ciceri (3 1 g mycelial suspension/plant to 15 
days old seedlings of chickpea cv. JG-62 reduced plant 
growth in pot experiments. Highest reduction was obtained 
with simultaneous inoculation of both pathogens followed by 
the treatment in which nematode inoculation preceeded the 
fungus by 10 days and vice-versa. There was lower 
multiplication of nematodes and galling in presence of the 
fungus. Moussa and Hague (1988) reported that when fungus 
resistant seedlings of soybean were inoculated 
simultaneously with M. incognita and the wilt fungus, F. 
oxysporum f. glycines, the nematode invasion of the roots 
was not affected but giant cells were invaded by the fungus 
and destroyed. The overall effect was to reduce the number 
of females of M. incognita and increase the proportion of 
males. 
Mukhtar and Khan (1989) pointed out that growth of 
chickpea (Cicer arietinum) cv. H-208 was suppressed when 
inoculated with M. javanica and Sclerotium rolfsii. 
Greatest suppression was observed when plants were 
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inoculated simultaneously with the nematode and fungus 
followed by the fungus prior to the nematode and the 
nematode prior to the fungus. Inoculation of the fungus 
alone restricted the growth of plants more than that of the 
nematode alone. Roy et_. al. , (1989) isolated two 
morphologically distinct forms of £. solani designated Fs-A 
and Fs-B from soybean plants with symptoms of sudden death 
syndrome. Combined inoculation of soybean with Fs-A and 
soybean cyst nematode (H. glycines) caused more severe 
foliar symptoms than those caused by Fs-A alone. It is 
concluded that Fs-A is primarily causal agent of sudden 
death syndrome. Fs-A caused reduction in plant height, root 
and shoot dry weight, number of seeds/plant and seed yield, 
but only in continuously irrigated plants as compared with 
periodically irrigated plants. 
Khan and Salam (1990) observed the interactions 
between M. javanica, F. udum and Rhizobium on pigeon pea, in 
the presence of nickel (Ni) and Cobalt (Co) as soil 
pollutants. M. javanica and F. udum interacted to show more 
severe wilting symptoms than F. udum alone. No wilting was 
recorded in Ni whereas Co suppress the wilting. Both Ni and 
Co reduced the plant growth and nodulation to a varying 
degree. An increase in root-knot galls was recorded in case 
of Co. On the other hand Ni completely suppressed the 
galling. 
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Khan and Hosseini Nejad, (1991) reported that M. 
3avanica and Fusarium oxysporum f. ciceri was studied on 
chickpea (Cicer arietinum) cultivars Pusa~240, Pusa-209, 
Pusa-261 and Pusa-212. Both in concomitant and sequential 
inoculations the wilting rate of different cultivars of 
chickpea was increased to a varying degree than in the 
absence of M. javanica alone. Varaprasad and Kumar (1991) 
reported that Heterodera cajani and Fusarium solani in 
single inoculations significantly reduced nitrate reductase 
and glutamine synthetase activity in cowpea (Vigna 
unguiculataJ cv. Pusa Dophasli. However concomitant 
inoculations of nematode and fungus mitigated their 
individual effects on enzymes activity which is also evident 
from the reduction in nematode populations in presence of 
the fungus. 
Dwivedi et_. sj^'i (1992) reported the interaction 
between the root-knot nematode, M. incognita and the fungus 
Fusarium oxysporum f. udum on pigeonpea var. T-21 in pot 
condition. The results indicated that both nematode and 
fungus incombination suppressed the growth of plants 
including bacterial nodules. Of the two organisms, M. 
incognita reduced the plant growth to a greater extent as 
compared to fungus alone. However, maximum growth reduction 
was observed when both organisms were present at higher 
inoculum level. The bacterial nodulation was adversely 
affected in the presence of both the organisms. 
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Krishna Rao and Krishnappa (1994; reported that 
inoculation of M. incognita and F. oxysporum f. ciceri alone 
adversely affected the growth of chickpea cv. Annegiri-1. 
Inoculation of nematode along with fungus at lower levels 
resulted in 19.88% wilt incidence when compared to 6.66% 
with fungus alone. However, max wilt incidence (66.67%; was 
observed when inoculated with 2 3uveniles/g soil and 25g 
inoculum/5Q0g soil of nematode and fungus respectively. 
France and Abawi (1994; observed that four bean 
genotypes (IPA-1, A-107, A-211 and Calima) representing all 
possible combinations of resistance and susceptibility to 
Fusarium oxysporum f. phaseoli (Fop) and M. incognita, were 
each inoculated with three population densities of these 
pathogens. Calima and A-107 were resistant to F. oxysporum 
f. phaseoli, A-107 and A-211 were resistant to M. incognita 
and IPA-1 was susceptible to both pathogens. In F. oxysporum 
f. phaseoli susceptible lines (IPA-1 and A-211), the 
presence of M. incognita contributed to an earlier onset and 
increased severity of Fusarium wilt symptoms and plant 
stunting. However, the FOP-resistant Calima developed 
symptoms of Fusarium wilt only in the presence of M. 
incognita. Genotype A-107 (resistant to both M. incognita 
and Fop) exhibited Fusarium wilt symptoms and a moderately 
susceptible reaction to Fop only after the breakdown of its 
M. incognita resistance by elevated inoculation temp. 
(27°C). Root galling and reproduction of M. incognita was 
generally increased as inoculum density of M. incognita was 
increased on the M. incognita susceptible cultivars. 
However, these factors were decreased as the inoculum 
density of FOP was increased. It was concluded that severe 
infections of bean roots by M. incognita increased the 
severity of Fusarium wilt on FOP-susceptible genotypes and 
may modify the resistant reaction to FOP. 
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Verticillium wilt is also a typical vascular wilt 
disease like Fusarium wilt, it also increases in the 
presence of nematodes. Root lesion nematode (Pratylenchus) 
is the most important nematodes that is often found in 
association with Verticillium. An interesting relationship 
between these two pathogens was reported by Bergeson (,1963) 
and Faulkner and Skotland (1965) on peppermint. 
1.2 Nematode-Fungus Root-Rot Interactions; 
The interactions between plant parasitic nematodes 
and root-rot fungi which may be synergistic, antagonistic 
or additive are reviewed. (Evans and Haydock, 1993) 
1.2.1 Macrophomina-Neniatode Complexes: 
Agarwal and Goswami (1974) conducted pot experiments 
using inoculation of soybean variety Bragg with M. incognita 
and/or the fungus Macrophomina phaseolina (Maubl) Ashby. 
The greatest reductions in the seedlings root and shoot 
weight and highest mortality rate (30%) were seen in plants 
inoculated with the nematode followed 3-weeks later by the 
fungus. More severe symptoms and elevated mortality rate 
(25%) were also seen in plants inoculated with the two 
pathogens simultaneously as compared with when the nematode 
followed the fungus by 3 weeks or either pathogen was 
inoculated alone. Al-Hazmi (1985) reported that in green 
house experiments severity of Macrophomina root-rot of bean 
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(Phaseolus vulgaris) increased when the nematode was 
introduced 2 weeks before the fungus as compared with that 
caused by the fungus alone. Nematode infection and 
reproduction was reduced when the fungus was introduced 
first. Inoculation with either pathogen or with both 
generally reduced root weight in both tested cultivars and 
significantly reduced pod weight in the cultivar Romano 
Italian but not in cv. Harvester. Harvester was more 
tolerant of both pathogens than Romano Italian. 
Tiyagi et. al^ -/ (1988) observed that combined 
inoculations of M. javanica and Macrophomina phaseolina 
caused significant reductions in plant growth including pod 
formation of lentil (Lens culinaris) cv. L-912 in pot 
experiment. This damaging effect was more pronounced in 
simultaneous than in sequential inoculation of the 
pathogens at an interval of 10 days. There was negative 
interacting correlation between the organisms, with the 
fungus being inhibitory to the nematode, especially when 
inoculated 10 days earlier. 
Siddiqui and Husain (1990) observed that chickpea 
(Cicer arietinum) var. P-256 seedlings were each inoculated 
with freshly hatched J- of M. incognita and/or 1 g 
suspension of Macrophomina phaseolina in pot experiments. 
The nematode alone caused greater reduction in plant 
growth than the fungus alone and the two pathogens together 
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caused greater total reduction than when inoculated alone. 
Siddiqui and Husain (1991) further observed that the growth 
of chickpea and nodulation was adversely affected by the 
presence of M. incognita race-3 and Macrophomina phaseolina. 
Disease severety increased with increasing 
inocula and various combinations of M. incognita and M. 
phaseolina had a synergistic effect on plant growth 
reduction. The rate of nematode multiplication was density 
dependent. Increase in the inoculum level of M. phaseolina 
progressively decreased nematode multiplication and the 
root galling while root rotting increased with the increase 
in the combined inoculation of M. phaseolina and M. 
incognita. Siddiqui and Husain (1992) again examined the 
effect of M. incognita race-3, Macrophomina phaseolina and 
Bradyrhizobium sp. on root-rot disease complex of chickpea 
(Cicer .arietinum). M. incognita and M. phaseolina caused 
statistically equal damage to plant growth when inoculated 
singly but two pathogens together caused more damage than 
the sum of total damage caused by both pathogens 
individually. Inoculation of Bradyrhizobium 10 days prior 
to pathogens resulted in reduced damage. Inoculation of 
pathogens prior to Bradyrhizobium resulted in more damage 
than prior or simultaneous inoculation of Bradyrhizobium. 
Both M. phaseolina and Bradyrhizobium had an adverse effect 
on nematode multiplication and galling. Both pathogens 
also had and adverse effect on nodulation. 
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Siddiqui and Mahmood (1992) pointed out that four 
biocontrol agents : Paecilomyces lilacinus (Thorn) Samson, 
Acrophialophora fusiphora. Bacillus licheniformis and 
Alcaliqenes faecalis were used in 3 doses for the control of 
M. incognita race-3 and Macrophomina phaseolina on chickpea 
(Cicer arietinum). All the bio-control agents except 
A. faecalis were found more effective in improving plant 
growth when used against M. incognita alone or with M. 
phaseolina but less effective against M. phaseolina alone. 
A. faecalis had an adverse effect on plant growth. £. 
lilacinus was the best biocontrol agent while B. 
licheniformis and A. fusiphora were equally effective. 
Siddiqui and Mahmood (1993) used Paecilomyces 
lilacinus and Bacillus subtilis for the biocontrol of the 
root-rot disease complex of chickpea caused by M. incognita 
race-3 and Macrophomina phaseolina. Individually P. 
lilacinus treatment was better against M. incognita while 
B. subtilis against M. phaseolina. The combined inoculation 
of P. lilacinus and B_. subtilis improved dry shoot weight 
significantly when plants were simultaneously inoculated 
either with M. incognita or M. phaseolina or with both. 
1.2.2 Cylindrocladium-Nematode Complexes: 
Cylindrocladium crotalariae caused heavy damage to 
soybean in the presence of M. incognita (Hedrick and 
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Southards, 1976). Fortnura and Lewis (1978) studied the 
effect of M. incognita, Hoplolaimus columbus Sher , 
Pratylenchus scribneri Steiner/ singly or in combination to 
soybean. Cylindrocladium crotalariae was applied after 14 
days sampling. Hoplolaimus columbus remain unaffected by 
the other organisms but number of adults and juveniles in 
the soil were greater in presence of C. crotalariae. P. 
scribneri population were significantly lower after 75 days 
in presence of H. columbus and C. crotalariae. Meloidogyne 
incognita gall index was suppressed by the presence of H. 
columbus or C. crotalariae. 
Diamonde and Beute (1979) reported that the severity 
of black-rot caused by Cylindrocladium crotalariae on NC 
3033 and Florigiant peanut cultivars increased in presence 
of 1,000 and 10,000 M. hapla eggs/pot. Macroposthonia 
ornata increased disease severity of 10,000 larvae with 0.25 
and 2.5 microsclerotia per pot on Florigiant but did not 
effect the disease on NC 3033. 
Fortnun and Lewis (1983) reported that M. incognita 
increased the severity of black root-rot (C. crotalariae) of 
Davis soybean. Application of growth regulator to nematode 
infested soybeans increased C. crotalariae growth. Soybean 
damage by black root-rot was related to the time of fungus 
inoculation. 
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Culbreath et_. al. , (1992) carried out yreenhouse & 
microplot experiments to determine the effects of M. hapla 
and M. arenaria on the severity of Cylindrocladium black rot 
iCBR) caused by Cylindrocladium crotalariae, in the ground 
nut genotypes Florigiant, NC IOC, NC AC 18416 and NC AC 
18016. In greenhouse treatments with fungal inoculum 
densities of 0.05 and 0.5 microsclerotia per gram of soil, 
severity of black rot was increased in Florigiant by either 
M. hapla or M. arenaria. Severity of black rot was not 
affected by these nematodes on NC IOC or NC AC 18016. In 
microplots, disease ratings of roots from NC IOC, NC AC 
18416 and NC AC 18016 were higher in plots infested with 
either nematode species and £. crotalariae than in plots 
with C. crotalariae alone. In field studies, initial and 
late season population of root-knot juveniles were 
correlated with incidence of CBR and area under disease 
progress curves for some genotypes, but results were not 
consistent from 1986 to 1987. 
1.2.3 Other Fungal-Nematodes Diseases: 
The root-knot group is also important in root decay 
complexes. Bell et. aj^ . , (1971) studied the effect of A. 
flavus and M. arenaria separately and together on peanuts 
(Arachis hypoqea). It was observed that damage by M. 
arenaria did not affect the incidence of A. f lavus, total 
fungi or aflatoxin contamination. 
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Gracia and Mitchell, (1975) observed the severity of 
pod-rot when Pythium myriotylum or Fusarium solani and M. 
arenaria were present together. Adeni3i et^ . al. , (1975) 
noticed that greater damage to soybean seedlings was caused 
by the association of two pathogens viz., Heterodera 
glycines and Phytophthora megasperma var. So^ae than caused 
by either pathogen alone. Joshi et. aJ., (1975) pointed out 
that root infection of 3-week old seedlings of the rice cvs. 
Bluebelle and Saturn with H. oryzae (Cochliobolus miyabeanus) 
and M. incognita, together or separately, had no, effect on 
root and shoot growth biit significantly reduced 0_ release. 
Gupta £t. al./ (1976) studied the effect of cyst 
nematode (H. vigini) and 7 fungal species on cowpea alone or 
incombination, in relation to root growth and nematode 
population. It was observed that fungi reduced the nematode 
infestation, the greatest reduction being with Penicillium 
citrinum and least with Aspergillus terreus. The average 
root weight/plant was significantly reduced when fungus was 
present in direct proportion to the number of nematodes in 
the roots. Difference in sex ratios in the presence of 
fungi were also noted. 
Book Binder and Bloom (1978) noticed that interaction 
between M. incognita and Uromyces phaseoli (Reben) Wint. 
reduced fresh weight of shoot and root of a soybean to a 
large extent than caused by either pathogen alone. Gall 
28 
formation was reduced only when U. phaseoli was applied 
several days before inoculation with M. incognita on the 
cultivar most susceptible to U. phaseoli. The presence of 
U. phaseoli did not affect hatching. Book Binder and Bloom 
(1980) again reported more growth reduction of bean's shoot 
and root weights when Meloidogyne incognita and Uromyces 
phaseoli were present. The shoot weight was suppressed by 
7,9 and 15% and root weight by 8,16 and 23% respectively, 
suggesting that there was an additive effect. Both the 
pathogens influenced the reproduction of one another and 
fungal uredia were reduced in size and sporulation capacity. 
M. incognita produced fewer root galls and fewer eggs/egg 
mass. 
Compos and Schmitt (1981) studied the effect of P. 
megasperma var. ^ojae (race-1) and/or H. glycines on the 
soybean cultivar Essex (slightly resistant to P. megasperma 
var.. sojae) and susceptible to {H_. glycines), Forrest 
(moderately resistant to Phytophthora and resistant to 
Het€irodera). They found that H. glycines did not reproduce 
on Forrest and its population density declined on Essex and 
Mack in presence of the fungus. Significant plant mortality 
in microplots was caused by the fungus on Mack, and by both 
pathogens alone or in combination on Forrest and Essex. 
Patel et^ . a^ -» (1986) reported the effect of 
interaction between M. arenaria and A. flavus on groundnut. 
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Combined inoculation produced synergistic effect in reducing 
shoot growth. There were fewer galls/plant and the final 
population of the nematode was lower than when it was 
inoculated alone. 
Gaur and Prasad (1991) reported the effect of M. 
incognita on the emergence and growth of soybean seedlings 
and the relationship between seedling age and nematode 
invasion. 
1.3 Nematode-Funqus Seedling Disease Interaction; 
Fungi and nematodes combine to increase root damage 
in the disorders in early stages of plant growth which may 
be classified as seedling diseases. 
1.3.1 Rhizoctonia-Nematode Complexs: 
Dave (1975) reported that damage caused by R. solani 
Kuhn to soybean in presence of nematodes was more than 
additive. R. solani inhibited nematode population 
development. However, H. glycines was the most suppressed 
and Tylenchorhynchus martini the least. 
Gracia and Mitchell (1975) studied the interactions 
by exposing groundnut seedlings in autoclaved soils to pre-
determined inoculum densities of the pathogens alone or in 
combinations. No single pathogen (Pythium myriotylum, 
Fusarium solani, Rhizoctonia solani and Meloidogyne arenaria) 
caused significant damping off at the density employed.?, 
myriotylum interacted significantly with F. solani and M. 
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arenaria but not with R.solani in causing damping off, 
P.rnyriotylum was not recovered from soil or roots after 3 
weeks of seedling exposure to it and R.solani was recovered 
from soil and plants exposed to it in combination with the 
other pathogens. Reddy £t .al^ . , (1980) observed the interaction 
of M.incognita and R.solani in a root-rot disease complex of 
French bean. In pot tests combined inoculations caused 
greater damage to Phaseolus vulgaris than either pathogen 
inoculated alone, reducing plant height and fresh weight. 
Abu-El-Amayen et.aJ.,(1985} repoted joint action 
effects of some nematicides and beriomyl against M.incognita 
and R.solani on soybean. A potential effect against the 
nematode larvae resulted with carbofuran+benomyl while fena-
miphas or oxamyl+benomyl gave the highest inhibition of the 
fungus. In pathogenicity tests with soybean seedlings grown 
in nematode infested soil inoculated with 50 mg R.solani/Kg 
soil (an inoculum rate found to give 50% damping off of the 
seedlings) benomyl most markedly reduced damping off and 
oxamyl+benomyl gave best nematode control. 
Costa and Huang (1986) observed no synergistic patho-
logical effects in pot trials using different sequences of 
infestation by the nematode, M.incognita and the fungus, 
R.solani. Root branching appeared to be stimulated by the 
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nematode and growth of infested plant was found to be 
improved suggesting some protection against R. solani. 
Goel and Gupta (1986) reported that the reduction in 
growth of the seedlings of chickpea occured when the 
seedlings were inoculated with M. incognita and R. 
bataticola simultaneously or alone but the galling was 
significantly reduced when the seedlings were inoculated 
with nematode followed by fungu^. Perez et. al., (1986) 
reported that on inoculation of soil with the nematodes, 
M. incognita or Rotylenchulus reniformis Linford and 
Oliveira -and with the fungus, R. solani, infection of 
soybean by R. solani was reduced. R. bataticola and M. 
incognita inoculated on Cicer arietinum either singly or 
concomitantly showed significant reduction of plant growth 
in pot experiments. 
Singh et_. al., (1986) reported that in combined 
infections of cowpea (Vigna unguiculata) the nematode 
population (M. javanica) was suppressed in the presence of 
R. solani. Culture filtrates of the fungus significantly 
reduced hatching of larvae. 
Walia and Gupta (1986a) reported that neither H. 
cajani nor R. solani had any effect on the growth of Vigna 
unguiculata when inoculated separately. Vflien R. solani was 
inoculated one week prior to H. cajani there was a 
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significant reduction in the number of nematode cysts and 
larvae and when R. solani was inoculated 2 weeks after H. 
cajani there was a significant reduction in the top growth 
of plants as compared with controls or any other 
treatment. Walia and Gupta (1986,b) again observed the 
inhibition of multiplication of H. cajani resulting in 
total absence of cysts, when R. bataticola was inoculated 7 
days prior to nematode in Vigna unguiculata (cowpea) 
seedlings, 
Varshney et^ . al.., (1987) reported that combined 
inoculations of Vigna unguiculata (cowpea) seedlings cv. 
Russian with M. incognita and Rhizoctonia solani caused a 
significant reduction in plant growth and the nodulati^ on 
due to Rhizobium. 
Kanwar et. al_, , (1987) reported that when seedlings 
of cowpea were inoculated with M. javanica and R. solani, 
a decrease in plant shoot length and dry weight was 
recorded as compared to uninoculated controls, but the 
significant difference was found only in root dry weight. 
Further plant growth was better in loamy sand soil which 
supported the greatest number of nodules than in sand or 
sandy loam soil. Fewer galls were formed on plants 
inoculated simultaneously with both organisms than on those 
infected with nematode alone. 
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Khan and Husain tl988; reported that individually 
Rhizoctonia solani was the most aggressive pathogen of 
cowpea followed by M.incognita and R.reniformis, while 
concomitance of nematode and fungus was more damaging, than 
the association of both nematode species, but the 
association of R.solani with M.incognita caused distinctly 
greater plant growth reduction than its association with 
R.reniformis . Irrespective of the pathogen, inoculated 
unbacterized plants suffered greater damage than the 
bacterized ones. Inoculation of Rhizobium 15 days prior to 
any test pathogen both singly or in various combinations 
resulted in significantly reduced plant growth, poor 
nematode multiplication, low root-knot index and improved 
nodulation as compared with its inoculation 15 days after 
test pathogen/pathogens. There was no significant difference 
in plant growth reduction of bacterized plants whether 
simultaneously inoculated with either nematode species and 
the fungus or when the nematode inoculation preceeded 
fungus, but on the other hand there was significantly less 
reduction in plant growth when fungus preceeded nematode 
inoculation. In sequential inoculations interactions were 
time dependent. Rhizoctonia solani whether inoculated 
simultaneously or sequentially reduced the rate 
of multiplication of both the nematode species 
as compared to their rate of multiplication when present 
alone. Khan and Husain again in 1989 reported that 
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the cowpea Vigna unguiculata cv- resistant or moderately 
resistant against individual pathogens) lost their 
resistance in the presence of other pathogens, except cv., 
IC-503 (moderately resistant to M. incognita), cv. , 2-488 
(resistant to Rotylenchulus reniformis) did not remain 
resistant in the presence of M. incognita though it did not 
loose its resistance in the presence of R. solani. 
Similarly the resistance of cv., Co-4 to R. solani broke 
down in the presence of M. incognita but not in the 
presence of R. reniformis. Both R. reniformis and M. 
incognita when present in association with R. solani broke 
the resistance of cv., IC-244 against R. solani. The 
moderately resistant response of cv. , Rc-8 and EC-4213A to 
R. reniformis and their complete resistance against R. 
solani broke down when simultaneously inoculated with both 
the nematodes spp. or R. solani with either R. reniformis 
or M. incognita. 
Kanwar et. al^ . , (1989) reported significant 
reduction in the growth of cowpea (Vigna unguiculata) cv., 
HFC 42-1, when 1000 juveniles of M. javanica were 
inoculated 3 weeks prior to 2 gm mycelial mat of R. solani 
in pot experiments. The number of nematode galls were 
significantly decreased in presence of the fungus, and 
galls were minimum when both pathogens were inoculated 
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simultaneously. The number of bacterial nodules were also 
significantly reduced in presence of both pathogens, with 
the greatest reduction in nematode only treatment. Loamy 
sand was more favourable for plant growth than sand or sandy 
loam (greater sand content soil). 
In pot experiments carried out to study the 
interaction between Rhizoctonia spp. and M. javanica on 
French bean (Phaseolus vulgaris), neither R. solani nor R. 
bataticala (M. phaseolina ) had any effect on plant growth, 
but both affected reproduction of M. javanica. R. solani 
resduced the number of eggs per egg mass, whilst M. 
phaseolina reduced the no. of egg masses when added 
irrmediately before inoculation with the nematode (Naresh 
Mehta and Gupta, 1990). Pandey and Singh (1990) reported 
that R. bataticola and M. incognita inoculated on chickpea 
(Cicer arietinum) either singly or concomitantly showed 
significant reduction of plant growth in pot experiments. 
Temik 10-G (aldicarb) and Brassicol (Quintozene) were more 
effective against the pathogens when applied together. 
Anwar and Verma (1993) observed that chickpea 
seedlings were inoculated in a pot experiment with M. 
javanica and R. solani alone or simultaneously or with M. 
javanica one week before or one week after R. solani 
inoculation. Greatest reduction in shoot and root length 
and fresh and dry weight occured with simultaneous 
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inoculation of both pathogens followed by nematode inoculation 
one week before and one week after the fungus. 
Samathanam and Sethi (19 94) noticed thatR. bataticola 
was the only organism which affected seedling emergence, yet 
the presence of the nematode and other saprophagus fungus 
tended to modify the effect in a differential manner 
exhibiting neutral relationship with Penicillium chrosogenum 
and Trichoderma viride, slightly antagonistic with M, 
incognita or synergistic interaction with Alternaria alternata. 
1.4 Nematode-Root Nodule Bacteria Interactions: 
Miller (1951) was first to observe inhibition of 
nodulation on plant roots in presence of root-knot nematode 
infection. Later on several other workers have also reported 
,^hat root-knot nematode caused reduction in nodulation of 
leguminous plants e.g. Meloidogyne hapla on hairy vetch 
(Malek and Jenkins, 1964) and on soybean (Balasubramaniam, 
1971); Meloidogyne javanica on white clover (Taha and Raski, 
1969), on soybean (Balasubramaniam, 1971) and on mung Viqna 
radiata (Bopaiah et_. al^ ., 1976); M_. incognita on mung bean, 
Phaseolus aureus, (Hussaini and Seshadri, 1975) and on soybean 
(Balasubramaniam, 1971; Srivastava et. aj^ . , 1974); Hussey and 
Barker, 1974, 1976; Baldwin et_. a],., 1975). 
Ross (1969) reported that Heterodera glycines affected 
the yield of non nodulating soybean at different nitrogen 
levels and he found that besides reducing nodulation and 
nitrogen fixation, H. glycines caused reduction in yield 
inciting deleterious host responses that increased with 
nitrogen deficiency. 
Lehman et. al_., (1971) examined three races of 
Heterodera glycines (1, 2 and 4) and found that in 
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combination of race-1 of H. glycines plus Rhizobium 
japonicum there were fewer nodules per gram of root tissue 
and N-fixing capacity was less than with R. japonicum 
alone. Similar inoculum levels (100, 200 and 400 crushed 
cyst) of race-2 and 4 had no effect. Nodule number and 
weight were inversely proportional to the increasing 
densities of race-1. 
Barker et. al. , (1971) reported that application of 
nitrogen (N) as well as inoculation of soybean with 
Rhizobium japonicum gave an adverse effect on the activity 
of Heterodera glycines. The application of NaNO- or NH to 
soil reduced nematode hatch, penetration and cyst 
development. Simultaneous inoculations of nodulating and 
non-nodulating isogenic lines of soybean with Rhizobium 
and H. glycines reduced the number of cyst development 
especially on the nodualting lines. 
Barker £t. a]^., (1972) again observed sufficient 
inhibition of nodules upon the simultaneous inoculation of 
U.- glycines and Rhizobium japonicum on soybean. However, 
14 days delay of H. glycines resulted in only slight to 
moderate inhibition of nodulation. 
Hussaini and Seshadri (1975) observed that M. 
incognita was pathogenic to mung bean/green gram (Phaseolus 
aureus) and hampered nitrogen fixation. The nematode caused 
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significant decrease in weight of plants (fresh and dry 
vreight of roots and shoot). Reduction in nitrogen content 
v?as considered by them to be due to the overall reduction 
in root nodulation, anatomical changes in nodules and 
ciltered physiology of the host. 
Sharma and Sethi (1976) showed that Meloidogyne 
incognita and Heterodera cajani, singly or in concomitant 
inoculation significantly reduced the growth of cowpea, 
Vigna sinensis. Addition of Rhizobium tended to reduce 
the damage to some extent. Similarly both the nematodes 
affected the nitrogen fixing capacity of the plant. M. 
incognita reduced nitrogen content to a greater extent 
than H. cajani. Root examination showed that both nematode 
species could thrive well and complete their life cycle on 
the nodular tissues. 
Bopaiah et^ . aj^. , (1976) reported that inoculation of 
Vigna radiata (mung) with M. javanica had deleterious 
effect on plant growth and this could be observed when 
inoculated with nematode alone, simultaneously or 2-7 days 
preceeding to Rhizobium inoculation. The nematode 
inoculation prior to Rhizobium resulted in maximum 
reduction of nodules. The infestation by the nematode 
interfered with nitrogen fixation and reduced the nitrogen 
content of the plant. 
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Most of the investigators have reported suppression 
or inhibition of nodulation by plant parasitic nematodes. 
However, stimulation of nodulation on leguminous plants by 
pathogenic nematodes was reported by Hussey and Barker 
(1976). They studied the influence of Meloidogyne hapla, 
Pratylenchus penetrans and Belonolaimus longicaudatus Rau 
on nodulation of soybean. M. hapla and P. penetrans stimulated 
nodule formation, while Belonolaimus longicaudatus slightly 
inhibited the nodulation. 
Singh et. aJ. , (1977) reported that there was a 
corresponding decrease in chlorophyll content, number of 
nodules and nitrogen content of grain with an increase in 
the inoculum level of Meloidogyne incognita both in 
presence and absence of Rhizobium phaseoli. The nematode 
galls were observed on nodules when inoculum level of the 
nematode was 1000/pot. Finally they said that M. incognita 
adversely affected the symbiotic process of nitrogen 
fixation by Rhizobium phaseoli on mung (P. aureus). 
Srivastava et. al., (1979) reported that the growth 
of soybean Glycine max was affected when root-knot 
nematode, M. javanica was inoculated at different inoculum 
levels. Number of nodules per plant were reduced 
significantly even at low inoculum level (10 larvae/kg 
soil). When the inoculum level was increased, there was a 
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reduction in the growth. Pod formation was also affected 
by increasing the inoculum level. 
Gupta and Yadav (1979) studied the pathogenicity of 
the reniform nematode, Rotylenchulus reniformis to urd, 
Vigna mungo and found significant reduction in plant 
height and shoot and root weights. Nodulation was also 
affected. 
Taha and Kassab (1980) observed the effect of 
simultaneous inoculations of M. javanica and Rotylenchulus 
reniformis with Rhizobium on Vigna sinensis and indicated 
that their association did not affect nodulation. Nodule 
formation was hindered only when R. reniformis preceeded 
rhizobial inoculation. Nodules were formed on Meloidogyne 
javanica galls. 
Raut and Sethi (1980) examined and found a 
progressive decrease in the growth of soybean plant and 
root nodulation as the inoculum level of M. incognita 
increased. The nodule reduction takes place in both the 
seasons, summer as well as winter. Raut(1980) again 
pointed out that mung bean inoculated with M. incognita 
showed gradual reduction in growth with an increase in 
initial inoculum level. The nitrogen fixing capacity was 
also affected in mung bean variety "PIMS-I". 
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All et. al.. / (1981) studied the antagonistic 
interaction between M. incognita and Rhizobiuin leguminosarum 
on cowpea. They observed that M. incognita reduced 
nodulation and inhibition of nitrogen fixation by about 63% 
in the nodular tissue. Infected nodules contained different 
developmental stages of the nematodes but the nematode did 
not alter the structure of nodules. However, infected 
nodules deteriorated earlier than the uninfected ones. 
Dhanger and Gupta (1983) observed the pathogenicity 
of Meloidogyne javanica to chickpea (Cicer arietinum) in 
relation to soil types, Rhizobium treatment, size of pots 
and time intervals. They found pathogenicity in all three 
types of soil and at different time intervals. Similarly 
Rhizobium treated seedlings showed better growth characters 
than untreated seeds. 
Chahal and Chahal (1988) studied the effect of 
interaction of Rhizobium and M. incognita on N„ fixation and 
translocation of iron (Fe) in the shoots of Vigna radiata 
cv „ ML-267 grown in pots, containing sterilized river sand 
supplied with 0.300 ppm Fe. They observed that M. incognita 
infection reduced all growth characteristics as well as Fe 
translocation in the shoots of nodulated and no nodulated 
plants. 
Chahal and Chahal (1989) again reported that M. 
incognita reduced the leghaemoglobin and bacteroid content 
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of Rhizobium nodules of mungbean (Vigna radiata) cv. G-65 
irrespective of initial levels of inoculum (250, 500, 1000 
or 2000 2nd stage juveniles/seedlings) thus adversely 
affecting the functioning of nodules. Nitrogenase activity 
of nodules decreased with an increase in the initial 
inoculum level. 
Verde jo et. al^. , (1989) observed the invasion of M. 
incognita in the aseptic roots of pea and black bean (£. 
vulgaris). Females were developed in about 19 days. 
Juvenile nematode invaded nodules initiated by Rhizobium, 
nodules also formed on galls initiated by nematodes. M. 
incognita suppressed root and nodule growth. However, it 
stimulated the initiation of nodules which remained 
undeveloped. Effective nodules have more nitrogenase 
activity per gm. on plants with M. incognita than on those 
without nemtodes. M. incognita increased the leghaemoglobin 
content of nodules on pea and decreased it on £. vulgaris. 
Kumar and Sivagami (1993) find out an inter reltion-
ships- between M. incognita and Rhizobium sp. on black gram, 
Vigna mungo (L) Hopper. The present study indicated that 
inclusion of the nematode in any of the treatments at any of 
the levels of population caused significant decrease in the 
height of the plant, root length, fresh and dry weight of 
shoot and roots, no. of nodules in the primary and secondary 
root systems and in nitrogen content of the shoot and root 
as compared to the control with no namatode. 
FUTURE PLAN OF WORK 
The literature shows that much attention has been 
given to the interactions between nematodes-fungi, nematode-
root-nodule bacteria and nematode-nematode separately, though 
these micro-organisms inhibit a common niche. Therefore, it 
is considered desirable to investigate the effect of plant 
parasitic nematodes, fungi and root-nodule bacteria on some 
leguminous plants. 
The following experiments have been planned for 
detailed study:-
1. Effect of different inoculum levels of root-knot 
nematode, Meloidogyne incognita and wilt fungi, 
Fusarium solani and £. oxysporum f. phaseoli alone and 
in combinations on the nematode population, wilt 
development and plant growth of french bean, Phaseolus 
vulgaris and mung bean, Phaseolus aureus in the 
presence and absence of Rhizobium. 
2. Histological changes induced by M. incognita and wilt 
fungi, F. solani and F. oxysporum f. phaseoli alone and 
in combination on french bean, Phaseolus vulgaris and 
mung bean, P. aureus in the presence and absence of 
Rhizobium. 
3. Effect of M. incognita and wilt fungi, F. solani and 
£. oxysporum f. phaseoli alone and in combination on 
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the leyhaemoglobin bacteroids produced by Rhizobium on 
french bean, P. vulgaris and mungbean, P. aureus. 
4. Effect of nematicide/fungicide on leghaemoglobin 
bacteroids produced by Rhizobium on french bean, P. 
vulgaris and mungbean, P_. aureus in the presence of 
M. incognita and wilt fungi, F. solani and F. oxysporum 
f. phaseoli . 
5. Effect of different ratios of sand and clay on the 
development of nematode, wilt fungi and nodulation on 
french bean, P. vulgaris and mungbean, P. aureus. 
6. Effect of different sources and levels of nitrogenous 
fertilizers on the development of nematode, wilt fungi 
and nodulation on french bean, P. vulgaris and mungbean, 
P. aureus. 
7. Effect of root-knot nematode, M. incognita and wilt 
fungi, F. solani and F. oxysporum f. phaseoli alone and 
in combination on NPK contents in french bean, £. 
vulgaris and mungbean, P. aureus in the presence and 
absence of Rhizobium. 
MATERIALS AND METHODS 
The different materials to be used and the methods 
to be employed during the course of proposed experimental 
programme are generalised as follows: 
2.1 Selection of test materials; 
In the proposed plan of work the root-knot nematode, 
Meloidogyne incognita (kofoid and white) chitwood, and the 
wilt fungi, Fusarium solani and F. oxysporum f. phaseoli 
have been selected which will serve as test pathogens for 
the studies. French bean, Phaseolus vulgaris L. and 
Phaseblus aureus Roxb. will be used as test pathogens for 
the studies. French bean, Phaseolus vulgaris will be used 
as a test plant during winter season and green gram/mung 
bean, Phaseolus aureus during summer season. Respective 
rhizobia of these test plants will also be used as and when 
required. 
2.2 Preparation of inoculum of the nematodes: 
Pure cultures of the root-knot nematode will be 
maintained on tomato in microplots. Species of root-knot 
nematode and races will be identified on the basis of 
characteristic of perineal patterns and differential host 
test. 
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A single egg-mass, obtained from tomato roots 
infected with root-knot nematode, Meloidogyne incognita, 
will be surface sterilized in 1:500 solution of chlorox 
(Calcium hypochlorite) for five minutes and will be washed 
thrice in sterilized water. The egg-mass will be allowed to 
hatch in sterilized distilled water at 27°C. Tomato 
seedlings raised in autoclaved soil will be inoculated with 
the larvae thus obtained. Later more plants will be 
inoculated at regular intervals with a view to have a 
regular supply of inoculum. 
Every time prior to inoculation the egg-masses will 
be removed from the infected roots of tomato plant and will 
be allowed to hatch (Stemerding, 1963). For larval count one 
ml of larval suspension thus obtained will be pipetted in 
Hav/ksly counting slide and the number of larvae will be 
counted under a sterioscopic microscope. This process will 
be repeated thrice and the number of larvae present per ml. 
of the larval suspension will be standarized. Calculations 
will be made for the total suspension to be used for 
inoculation. 
2.3 Preparation of the inoculum of the fungi; 
Pure cultures of the wilt fungi, Fusarium solani 
and F. oxysporum f. phaseoli will be maintained in the 
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culture tubes containing potato-dextrose-agar (PDA) which 
will be prepared from the following constituents. 
Potato 200.00 g 
Dextrose 20.00 g 
Agar 20.00 g 
Distilled water 1000.00 ml • 
The inoculum of wilt-fungi, F. solani and F. 
oxysporum f. phaseoli will be raised on Richard's liquid 
medium (Riker and Riker, 1936 J having the following 
composition: 
Potassium nitrate 10.00 g 
Potassium dihydrogen 
phosphate 5.00 g 
Magnesium sulphate 2.50 g 
Ferric chloride 0.02 g 
Sucrose 50.00 g 
Distilled water 1000.00 ml 
The fungi will be incubated for 15 days in an 
incubator running at 28+2°C temp. 
After the incubation period the mycelial mats will 
be removed, washed in distilled water to remove the traces 
of the medium and then it will be gently pressed between 
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sterile blotting papers to remove the excess amount of 
water. Inoculum will be prepared by making 10 g fungal 
mycelium in 100 ml of sterilised distilled water and 
blending it for 30 seconds in a waring blender (Stemerding, 
1963). In this way each 10 ml of this homogenate will 
contain 1 g of the fungus. 
2.4 Maintenance of test plants; 
Sandy loam soil which is commonly found in Aligarh 
will be collected from a fallow field and will be passed 
through a course sieve ( 1 mm pore size) to remove stone 
particles and debris etc. and then will be thoroughly mixed 
with compost manure at the rate of 4:1 (soil : compost). 
Six centimeter clay pots will be filled with 1 kg of such 
soil-compost mixture and then these pots will be autoclaved 
and will be used for all studies. Four or five surface 
sterilized seeds of french bean (Phaseolus vulgaris) and 
green gram/mung bean, (Phaseolus aureus) will be sown in 
these pots. Surface sterilization of seeds will be done by 
treating them in 0.1% solution of Mercuric chloride for 2 
minutes. Then these seeds will be washed thrice with 
sterilized distilled water to remove the traces of Mercuric 
chloride. After emergence the seedlings will be thinned and 
only one seedling will be allowed to grow in one pot. 
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Plants at three leaf stage will be inoculated with nematode 
and the fungus, as per schedule of the experiments. 
In the case of root-nodule bacteria the seeds will 
be bacterized before sowing with their respective rhizobia. 
Sucrose solution (5%) will be used as sticker and it will 
be mixed with the rhizobial culture. Seeds will be mixed 
with this mixture in such a manner that a uniform coating 
be formed on their surface. These bacterized seeds will be 
dried at room temperature and then sown. 
The pots will be placed on a green house bench in a 
randomised manner. Necessary weeding and watering will be 
done as and when required. Special requirements of 
different experiments, if any, are described in the 
appropriate columns. 
2.5 Inoculation Technique; 
(a) Inoculation with nematodes; 
For the inoculation of plants with nematodes, 
appropriate amount of nematode suspension (according to the 
inoculum level) with the help of pipette will be poured 
around the roots which will be exposed by removing small 
amount of soil. After inoculation the exposed roots will be 
covered by levelling the soil properly. 
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(b) Inoculation with fungi: 
For the inoculation of plants with funyi, homogenate 
of fungal mycelium will be prepared as described in (2.3). 
It will be taken out in such an amount so that the required 
inoculum level is fulfilled. For inoculation the soil will 
be removed from around the roots of the test plants to 
expose the roots and then the required amount of fungal 
suspension will be poured near the roots, which will be 
later covered by levelling the soil properly. 
2. (5 Determination of inoculum threshold: 
In order to determine the inoculum threshold of the 
selected nematode species, capable of causing significant 
damage, the seedlings of both the plants french bean/mung 
bean will be inoculated with different inoculum levels 
viz., 10, 100, 1000 and 10,000 of test nematode species, 
M. incognita. Similarly for the determination of fungal 
inoculum threshold the seedlings will be inoculated with 
0.5, 1.0, 2.0 and 3.0 g of the fungus per plant. There will 
be 5 replicates for each inoculum level. Separate sets will 
be maintained for bacterized as well as non-bacterized 
plants. -
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_2.7 Studies on interactions of different inoculum levels 
of test pathogens : (Nematode-fungus interactions) 
Only one inoculum level will be selected after 
analysing the data obtained in experiment (determination of 
inoculum threshold). Plants will be raised according to the 
procedure, described in 2.4 for both bacterized as well as 
for non-bacterized conditions and the plants will be 
inoculated according to following schedule. 
1. Uninoculated (control) 
2. Nematode alone 
3. Fungus alone 
4. Nematode and fungus simultaneously 
5. Nematode one week prior to fungus 
6. Nematode two weeks prior to fungus 
7. Nematode one week after the fungus 
8. Nematode two weeks after the fungus 
This inoculation procedure will be according to 
method described in 2.5. Then final recording of the data 
will be done after 2 months of inoculation. 
3. Experiments 
3.1 Histopathological studies; 
Inoculated seedlings will be uprooted carefully 
from the very first day until the sixth day, then every 
three days until the 30th day and finally on the 40th day. 
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The roots will be washed gently and thoroughly to remove 
all soil particles adhering to them. Roots of healthy and 
infected plants will be cut into one cm long pieces and 
processed as follows. 
3.1.1 Fixation: 
The roots collected from experimental pots will be 
fixed in FAA (Johansen, 1940). FAA (formalin-aceto-alcohol) 
will be prepared as follows : 
Ethanol 50% 90 ml 
Formalin 37% 5 ml 
Glacial acetic acid 5 ml 
The roots will be placed in the fixative for a 
minimum period of 24 hrs to several days depending on its 
thickness. Material may also be stored in the fixative 
indefinitely. 
3.1.2 Dehydration; 
Dehydration will be accomplished by moving the 
roots stepwise through increasingly higher concentrations 
of alcohols. Tertiary butyl-alcohol (TBA) dehydration 
schedule (Table 1) will be followed (Johansen, 1940). 
3.1.3 Infiltration: 
In this step, alcohols in the tissues will be 
replaced by paraffin so that the tissue is saturated with a 
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Table - 1 
Step % Alcohol Time Distilled 95% 100% 100% 
water Ethanol Etha- TBA 
(ml) (ml) nol (mlj 
(ml) 
1. 
2. 
3. 
4. 
5. 
6.* 
7. 
8. 
50 
70 
85 
95 
100 
100 
100 
100 
2 hr or more 
Overnight 
1-2 hr 
1-2 hr 
1-3 hr 
1-3 hr 
1-3 hr 
Overnight 
50 
30 
15 
0 
0 
0 
0 
0 
40 
50 
50 
45 
0 
0 
0 
0 
0 
0 
0 
0 
25 
0 
0 
0 
10 
20 
35 
35 
75 
100 
100 
100 
*TBA changes must be carried out in a warm place as it solidifies 
at 25.5°C. 
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pure solution of paraffin. When the TBA dehydration 
schedule is followed, the 100% TBA solution in step 8 will 
be replaced with a 1:1 mixture of 100% TBA and paraffin 
oil. The tissue will be allowed to remain in this solution 
for 1 hr or more, depending on its thickness. Shortly 
before the next step, another container will be filled 
3/4th of its volume with melted paraffin and allowed to 
solidify slightly. The roots from the TBA-paraffin oil 
mixture will then be placed on top of the solidified 
paraffin oil solution. This container will be placed 
uncovered in an oven set at slightly above the melting 
point of the paraffin. After 1-3 hr, the TBA-paraffin oil 
mixture will be poured off and replaced with pure melted 
parffin wax, and kept in oven for about 3 hrs. This step 
will be repeated atleast once more. 
3.1.4 Embedding; 
The roots will be placed in metal base molds or 
folded paper. Molds will first be coated with a thin layer 
of glycerine and then liquid paraffin will be poured. 
Roots will be placed into the mold with heated forceps and 
additional melted paraffin will be added to fill the mold. 
Once the paraffin begins to solidify over the top of the 
mold, the mold will be plunged into ice water and left 
there until solidification. After hardening, it will be 
cut into smaller blocks and trimmed. The blocks will be 
mounted on block holders. 
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3.1.5 Sectioning; 
Transverse and longitudinal sections of 8-12 jam 
thickness of the roots will be cut serially with the help 
of rotary microtome. The paraffin ribbon thus obtained 
will be mounted on a clean glass slide with an amount of 
albumin and glycerine dissolved in water. The slides will 
be left overnight in an incubator at 40°C to allow water to 
evaporate. These slides will then be kept at 60°C for one 
hr. to melt the paraffin. 
3.1.6 Staining; 
The process of staining will remove the paraffin 
from the sections and increase the contrast in the tissues. 
Staining will be done with safranin and fast green 
combination (Table 2) (Sass, 1951). Then, slides will be 
removed from the xylene, the final step in staining 
procedures and laid on a flat, absorbant surface. The 
mounting medium will be applied to the surface of the slide 
before evaporation of the xylene, and cover-slip will be 
lowered gradually over the slide. 
Finished slides will be left to dry for at least 24 
hrs. at room temperature. The medium will harden better if 
the slides are held on a 60°C warming tray overnight. The 
slides will be examined under Laborlux-K compound 
microscope. Necessary photographs will be taken. 
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Table - 2 
Step Solution Time 
1 Xylene 5 min 
2 Absolute ethanol 5 min 
3 95% ethanol 5 min 
4 70% ethanol 5 min 
5 50% ethanol 5 min 
6 30% ethanol 5 min 
7 1% aqueous safranin 0 1-12 hr 
8 rinse in tap water 
9 30% ethanol 3 min 
10 50% ethanol 3 min 
11 70% ethanol 3 min 
12 95% ethanol 3 min 
13 0.1% fast green FCF in 5-30 Sec 
95% ethanol 
14 absolute ethanol 15 sec 
15 absolute ethanol 3 min 
16 Xylene-absolute ethanol 5 min 
17 Xylene 5 min 
18 Xylene 5 min or 
longer 
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3.2 Studies on the effect of different nitrogen levels 
3.2.1 Preparation of different levels of nitrogen from 
different sources; 
The different nitrogen sources will be Nitrate of 
soda (16% N), Ammonium sulphate (21% N), Ammonium nitrate 
(34% N), Ammonium sulphate nitrate (26% N), Ammonium 
chloride (26% N), Anhydrous Ammonia (99% N), urea, biuret = 
1.5% (46% N) urea coated (45% N) , Calcium Ammonium Nitrate 
(25% N), Calcium Ammonium Nitrate (26% N) and Calcium 
Ammonium Nitrate (28% N). 
Different nitrogen levels viz., -N (No Nitrogen), 
\ N (0.5 g), 1 N (1.0 g) and 2 N (2.0 g) per kg of soil 
will be calculated from each source and will be mixed with 
the soil before sowing the seeds of test plant. 
3.3 Studies on the effect of different ratios of sand and 
clay; 
For this experiment sand-soil mixtures containing 
different proportions of clay and sand will be prepared in 
following manner. These have been designated as soil 
types. 
Soil type Sand percent 
1 100 
2 75 
3 50 
4. 25 
5 0 
Clay percent 
0 
25 
50 
75 
100 
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These mixtures will be analysed for organic matter, 
pH and particle size. Then 15 cm pots will be filled with 
one kilogram of each soil type. These pots will be steam 
sterilized in an autoclave and after this 4-5 seeds of each 
test plant will be sown in each pot. One week after sowing 
thinning will be done to keep one plant per pot. Freshly 
hatched second stage larvae of M. incognita and wilt fungi 
F. solani and E\_ oxysporum £. phaseoli alone and in 
combination will be added around the exposed roots in the 
presence and absence of Rhizobium spp. at the three leaf 
stage. Two months after inoculation all these pots will be 
depotted and then observations will be recorded on the root 
and shoot length, fresh and dry weight of root and shoot, 
number of nodules and galls per plant. Finally all these 
observations will be presented in the table. 
3.4 Studies on the effect of nematicide/fungicide on the 
leghaemoglobin contents: 
For this experiment both the test plants will be 
treated with either namaticide (carbofuran) and/or 
fungicide (Bavistin) or both in addition to root-knot 
nematode, M. incognita and wilt-fungi, F. solani and 
F. oxysporum f. phaseoli in the presence and absence of 
Rhizobium spp. There will be another set of untreated 
plants in which no nematicide or fungicide will be added. 
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The leghaemoglobin content will be estimated from 
both treated and untreated plants in the following manner. 
3.4.1 Estimation of leghaemoglobin from nodules: 
Benzidine hydrogen peroxide method (Proctor, 1963) 
will be used for the estimation of leghaemoglobin. Nodules 
will be picked up from the roots and washed thoroughly with 
double distilled water, Fresh nodular tissue weighing 500 
mg will be crushed and homogenized in 9 ml of trisacetic 
acid buffer (0.1 M acetic acid plus 0.2 M tris (hydroxyl-
methyl) amino methane to obtain a pH of 4.0). The 
homogenate will be kept overnight in a deep freezer to get 
complete extraction of leghaemoglobin. The homogenate will 
be shaken from time to time to facilitate extraction. The 
volume of homogenate will be made upto 10 ml by adding tris 
acetic acid buffer and centrifuged at 3000 rpm for 20 
minutes. The supernatent will be collected in a test 
tube. An aliquot of 0.5 ml of supernatent will be diluted 
to a final volume of 4.0 ml with tris acetic acid buffer 
and 2 ml of freshly prepared benzidine reagent (100 mg 
benzidine with 0.5 ml of hydrogen peroxide of 100 percent 
by volume added to 50 ml absolute alcohol) will be added to 
it. The colour density will be measured at 660 nm on 
spectrophotometer. The results will be expressed in bovine 
haemoglobin equilents. 
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3.5 Analysis of NPK from leaves and Roots; 
The plants will be uprooted after 60 days of 
inoculation and shoot and root system will be washed gently 
with double distilled waster. Fully mature healthy leaves 
will be picked up and some part of the root system from 
inoculated and uninoculated plants, will be dried in an 
oven at 78 +^ 2°C separately for 24 hrs. The dried material 
will be grounded into fine powder and passed through a 72 
mesh sieve. The powder will be kept in dessicator so as to 
ensure the availability of perfectly dry material. 
The leaf and root powder will be digested for 
determining the NPK contents by the method of Linder (1944) 
that is briefly described below. 
From each sample, 100 mg of the dried leaf and root 
powder will be weighed and carefully transferred to a 50.0ml 
kjeldhal flask and 2.0 ml of chemically pure sulphuric acid 
will be added. The flask will be kept for digestion for 
about 2 hrs. to allow complete reduction of nitrates 
present in the plant material, giving off dense white fumes 
until the contents turn black. 
Flask will then be allowed to cool down for about 15 
minutes after which 0.5 ml of 30% hydrogen peroxide will be 
added dropwise and the solution will be heated again till 
its colour changes from black to light yellow. Heating 
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will be continued for about 30 minutes. The flask will be 
cooled for 10 min. and an additional amount of 3-4 drops of 
30% hydrogen peroxide will be added, followed by gentle 
heating for another 15 min. to get a clear and colourless 
extract. At this stage care will be taken in the addition 
of hydrogen peroxide because if it is added in excess there 
is possibility that it would oxidise the ammonia in the 
absence of organic matter. The sulphuric acid peroxide 
digested material will be diluted with double distilled 
water and will be transferred with 3 or 4 washings to a 100 
ml volumetric flask and finally the volume will be made 
upto mark. For the analysis of nitrogen, phosphorus and 
potassium aliquots will be taken from these digested 
samples, the methods employed for this analysis are briefly 
summarized below : 
3»5.1 Nitrogen estimation: 
Nitrogen content of the sample will be estimated 
according to the method of Linder (1944). A 10.0 ml 
aliquot of digested material will be taken in a 50 ml 
volumetric flask. The excess of acid will be partially 
neutralized with 2.0 ml of 2.5 N sodium hydroxide, and 1.0 
ml of 10% sodium silicate will be added to prevent 
turbidity. Finally the volume will be made upto the mark. 
A 5.0 ml aliquot of this solution will be taken in a 10 ml 
graduated test tube and 0.5 ml of Nessler's reagent will be 
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added drop by drop, mixing thoroughly after each instalment-
The volume will again be made upto the mark with the help 
of distilled water and the contents will be allowed to 
stand for 5 min, for maximum colour development. The 
solution will be transferred to colorimetric tube and its 
optical density will be measured, at 525 nm of "spectronic 
20" colorimeter. A blank will be run with each set. The 
amount of nitrogen in the aliquot will be read from a 
calibration curve, obtained by using known dilutions of a 
standard ammonium sulphate solution. 
3.5.2 Phosphorus estimation; 
Total phosphorus in the sulphuric acid peroxide 
digested solution will be determined by following the 
method of Fiske and Subba Row (1925). A 5.0 ml of aliquot 
will be taken in a 10.0 ml graduated tube and 1.0 ml 
molybdic acid (2.5% ammonium molybdate in 10 NH-SO.) will 
be carefully added, followed by 0.4 ml of 1,2,4-amino-
napthol-sulphonic acid, which will turn the contents blue. 
Distilled water will be added to make up the volume upto 
10.0 ml and the solution will be allowed to stand for about 
5 minutes after mixed thoroughly. It will be then 
transferred to a colorimetric tube and the optical density 
will be read at 620 nm on a colorimeter. A blank will be 
run side by side. A calibration curve will be prepared by 
using known dilution of a standard monobasic potassium 
phosphate solution. 
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3.5.3 Potassium estimation: 
Potassium will be estimated using a flame 
photometer. A 1.0 ml aliquot will be taken and read at 
768 nm with the help of potassium filter, A blank will 
be run for each determination. The reading will be 
compared with a calibration curve plotted for different 
dilutions of a standard potassium sulphate solution. 
3.6 Recording of data; 
3.6.1 Plant growth determination; 
For determining the plant growth, plants will be 
uprooted after 60 days of inoculation and the roots will 
be thoroughly and gently washed. The length (in cm) and 
fresh/dry weights (in g) of shoot and root will be taken 
separately. Before taking the fresh weight, excess amount 
of water will be removed by putting root and shoot between 
blotting sheets, while for determining the dry weight 
shoot and root will be dried in an oven at 60°C and then 
separately weighed. 
3.6.2 Determination of root nodule index: 
Nodulation will be estimated by counting the number 
of nodules per root system and percentage of nodulation 
over control will be calculated. 
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3.6.3 Determination of nematodes population: 
The population of nematodes in the roots will be 
determined by mascerating the root-pieces in waring 
blender for few seconds and then counting their numbers. 
The nematodes present in the soil will be isolated by 
cobb's sieving and decanting method and Reproduction 
factor (R) of the nematode will be calculated by the 
formula of Oostenbrink (1966) as follows : 
R = Pf/Pi 
?£ = Final population 
P- = Initial population 
3.6.4 Determination of root-knot index; 
The degree of root infection caused by root-knot 
nematode will be assessed according to the rating scale of 
Taylor and Sasser (1978) for the presence of root galls 
and egg masses on roots as under : 
Gall Index (GI) 
Egg Mass Index (EI) 
1 = No gall, no egg masses 
2 = 1-10 galls/egg-masses 
3 - 11-30 galls/egg-masses 
4 = 31-100 galls/egg-masses 
5 = 101 and above galls/egg-masses 
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3.6.5 Determination of Wilt-Index: 
The degree of chlorosis of the test crops and 
wilting will be quantified as follows : 
0 = No symptoms 
1 = Light 
2 = Moderate 
3 = Heavy and 
4 = Severe symptoms or dead 
For each plant a disease index will be calculated as 
follows :-
Sum of leaf rating per plant 
Disease index = , ^ , 
Total no. of leaves per plant 
Wilting index will be determined after 15, 30, 45 
and 60 days of inoculation of wilt fungus. 
3.6.6. Statistical analysis: 
The data observed will be analysed statistically. 
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